Background/Aims: Familial hypercholesterolaemia (FH) is a common genetic disorder that, if untreated, predisposes individuals to premature coronary heart disease. As most individuals with FH remain undiagnosed, new approaches to detection are needed and should be considered a priority in public health genomics. Universal screening of children for FH has been proposed, and this study explores public perspectives on the acceptability of this approach. Methods: A one-day deliberative public forum was held in Perth, WA, Australia. Thirty randomly selected individuals were recruited, with self-reported sociodemographic characteristics used to obtain discursive representation. Participants were presented with information from a variety of perspectives and asked to discuss the information provided to identify points of consensus and disagreement. The data collected were analysed using thematic analysis. Results: Of the 17 participants at the forum, 16 deemed universal screening of children for FH to be acceptable. Fifteen of these 16 believed this was best performed at the time of an immunisation. Participants proposed a number of conditions that should be met to reduce the likelihood of unintended harm resulting from the screening process. Discussion/Conclusion: The outcomes of the forum suggest that establishing a universal screening programme for FH in childhood is acceptable to the general public in WA.
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Introduction
Advances in genomics have led to a significant improvement in our understanding of how genes and the environment interact to influence health. This increased understanding of the genetic determinants of health has been coupled with recognition of their potential application to improve health at a population level [1] [2] [3] . However, with the exception of newborn bloodspot screening, examples of how developments in this field have been translated into public health practice are limited [1, [4] [5] [6] . This is particularly the case when it comes to common, complex conditions, such as heart disease.
One reason for the translation gap in public health genomics for more common conditions is that in genomic studies, most of the genetic variants that have been identified as contributing to common diseases are only associated with small increases in relative risk and explain only a little about the relationship between these diseases and genetic inheritance [5, [7] [8] [9] . Another reason for the translation gap is that while tools and techniques based on genomic knowledge have been developed, there has often been a lack of evidence regarding their validity and utility, largely due to the complexity of conducting such evaluations [1, 2, 8] . Despite these challenges, there are several examples of genomic applications where evidence supports their implementation into public health practice. One of these, which can be considered to be a priority for public health genomics [10] , is the use of populationbased approaches to detect individuals with the condition familial hypercholesterolaemia (FH).
FH is an autosomal dominant genetic disorder, and the most common and serious disorder of cholesterol metabolism. It is estimated to affect around one in every 250 people [11] [12] [13] [14] . In Australia, this rate equates to almost 100,000 people thought to be living with FH [15] . FH is characterised by markedly elevated levels of low-density lipoprotein cholesterol (LDL-C) from birth [14, [16] [17] [18] . When untreated, this results in accelerated atherosclerosis and a 100-fold increase in the risk of mortality from coronary heart disease (CHD) between the ages of 20 and 40 years [19] . However, individuals who are diagnosed and treated from a young age are anticipated to have a normal life expectancy [20] . Statins are highly effective in reducing LDL-C levels and significantly decrease the health risks associated with FH. However, despite major advances in knowledge of the condition, FH remains largely undetected and untreated worldwide, with more than 90% of individuals unaware they have the condition [12, 18, 21, 22] .
The most cost-effective approach for identifying cases of FH is cascade screening [23] [24] [25] [26] [27] . Under this approach, new ("index") cases of FH are detected via active case finding, generally following a heart attack or diagnosis of heart disease. A cholesterol test, with or without DNA analysis, can then be offered to at-risk genetic relatives to identify whether these family members also have FH. However, in most countries around the world -with the exception of the Netherlands -cascade screening has had limited effectiveness, and thus the majority of individuals with FH remain undetected. This is because cascade screening is reliant upon the identification of a sufficient number of independent index cases, otherwise detection will be limited to a small number of families [28, 29] . For example, a state-wide cascade screening programme was established in Western Australia (WA) in 2007. Despite progress being made, only 10.5% of individuals estimated to be living with the condition, including 3.5% of children and adolescents, have been diagnosed to date [pers. commun., Dr. Jing Pang, December 2017]. These very low rates of FH detection are similar to those in other developed countries [12, 18, 21, 22] .
One possible approach to increasing detection rates for FH is the establishment of a universal screening programme, which would complement the cascade screening approach. Under a universal screening programme, all individuals in a defined population would be offered a blood test to measure LDL-C and/or total cholesterol levels. Those with cholesterol levels above a defined cut-off level, and thus at greatest risk of FH, could then be referred for a confirmatory diagnostic assessment, which may include DNA analysis. In addition to the direct benefits of universal screening for FH associated with increased detection rates, individuals diagnosed with FH through the programme would also represent new index cases, thereby supporting a more effective and comprehensive cascade screening approach to identify other family members with FH.
While beneficial at any age, offering universal screening during childhood would maximise the potential to detect, diagnose and treat individuals with the condition before atherosclerosis has become established [30] . Early childhood (ages 1-9 years) is the optimal period for using LDL-C levels to discriminate between individuals with and without FH in the general population [12, 14, 31] . Furthermore, it is recommended that statins are commenced in children with FH from the age of 8-10 years [14] . To date, only one country (Slovenia [32] ) has implemented a universal screening approach; however, the effectiveness of this programme is as yet uncertain.
Before establishing a universal screening programme, such as for FH, the appropriateness of doing so must first be determined by considering the associated range of benefits, harms and ethical issues in full. The Wilson and Jungner screening principles [33] , developed for the World Health Organisation in 1968, have traditionally been used to determine whether a screening programme should be established. These principles relate to the characteristics of the condition, accuracy and effectiveness of the screening test, availability of treatment, and parameters of the intended screening programme. In 2008, the Wilson and Jungner screening principles were reviewed to consider their applicability in the context of genetic screening [34] . The revised criteria that stemmed from this review reflect the need for population-level policy decisions to be based not just on high-quality evidence and contextual considerations, but also on the values of the population.
Engaging with the public is a critical step in implementing public health genomics initiatives, particularly given the significant ethical, legal and social concerns associated with screening for genetic conditions [35, 36] . Doing so can help identify and articulate the values of the community and align policy recommendations with these expectations [37] . By promoting credibility and trust through the transparency of processes, it can also help to make policies more likely to be implemented as intended and accepted by the public [37] .
In a previous pilot study of universal screening of children for FH [38] , more than 90% of parents stated they would screen a second child for FH at 1-2 years of age if screening was routinely offered. In a larger follow-up study, more than 80% of parents of 13,000 children invited to participate in a universal screening study [13] accepted the offer of screening, suggesting the approach of universal screening of children for FH was acceptable to the vast majority of families. However, no studies have been published thus far that fully explore the perceived benefits and harms of universal screening for FH from the public perspective. Addressing this knowledge gap would assist governments in reaching an informed decision as to whether screening children for FH is appropriate. In line with this goal, the current study presents outcomes from a public forum that aimed to explore the perspectives of the public on the acceptability of screening children for FH in WA. In conducting this study, the researchers aimed to answer two questions, being:
1 What do members of the general public perceive to be the potential benefits and harms of screening children for FH? 2 Do members of the general public perceive screening children for FH to be acceptable? If so, at what age should children be screened for FH, and is it acceptable for this to be done at the same time as immunisation?
Materials and Methods
A 1-day deliberative public forum was held in February 2016, in Perth, WA, Australia. Deliberative methods are qualitative approaches that have been advocated when citizen input is being sought for policy issues that are complex, value-laden and have contested ethical dimensions, where diverse perspectives exist on the public interests of the issues and where there is low public awareness of these perspectives [39] [40] [41] . Such approaches have been used to explore citizen perspectives of a range of health-related issues [42] [43] [44] [45] [46] including population-based screening [47] [48] [49] [50] . Therefore, these deliberative methods are appropriate for exploring the issue of population-based screening of children for FH.
Recruitment
To recruit participants to attend the forum, 600 telephone numbers, names and residential addresses were randomly selected from an electronic version of the 2013 Western Australian telephone directory. This information was then provided to an accredited market research agency that undertook the recruitment on behalf of the researchers. The intention was for approximately 20 members of the general public to attend the forum, which deliberative theorists claim is around the maximum size for a group to enable genuine deliberation [51] . With this in mind, the market research agency was asked to recruit 30 people, with the presumption that not all would attend the forum.
Sociodemographic characteristics were used as proxy measures to obtain "discursive representation" among forum attendees [40, 52] . This differs from "proportional representation" in that instead of aiming for a statistically representative sample, which is recognised to be nearly impossible to achieve [45] , the goal is to obtain a broad range of perspectives held by members of the general public. As such, quotas were applied (see Table 1 , under "Results"), so that a minimum number of participants was achieved for characteristics that may be relevant to the issue of universal screening of children for FH. Namely, the random sample was stratified by selfreported sex (male or female), age (18-44, 45-64 or 65+ years), indigenous status, highest education level (non-university or university), geographic location (metropolitan or non-metropolitan), first language (English or non-English), parental status and previous diagnosis of high cholesterol or heart disease. Attendees were offered AUD 150 to reimburse them for expenses associated with their attendance. To facilitate equity of access to the forum, those living outside the metropolitan area were offered additional reimbursement if required, to assist with travel and accommodation costs.
The market research agency successfully recruited a cohort of 30 people meeting the defined quotas. An information package was sent to all recruits containing an introductory letter inviting them to attend the forum, a participant information sheet and a consent form seeking written consent to participate (online suppl. material Appendices 1-3; for all online suppl. material, see www.karger. com/doi/10.1159/000501463). The participant information sheet provided an overview of why the public forum was being held and outlined that all individuals' details and responses would be deidentified and remain confidential. It gave general information about the purpose of the forum and about FH, without providing too much information that might bias the deliberations at the forum. The information package was followed up with a telephone call by the researchers to discuss the information provided, to offer an opportunity for the potential recruit to ask any questions, and to receive verbal confirmation that the information was understood. Recruits were then asked to complete and sign the consent form and return it in a reply-paid envelope to the forum organisers.
Forum Design
The deliberative public forum incorporated design features that distinguish deliberative approaches from other types of public engagement. Specifically, the forum, facilitated by an individual who was independent of the WA public health care system, was designed to explicitly identify shared citizen values and determine what decisions informed citizens may reach on this specific policy issue [51, [53] [54] [55] . This was achieved by presenting attendees with opportunities to learn about and reflect on a range of perspectives relating to universal screening of children for FH, using the process outlined below.
Approximately 2 weeks before the forum, the recruits were mailed a booklet that provided introductory information on cholesterol, FH, how FH is diagnosed and treated, universal screening, some arguments for and against screening children for FH, the purpose and design of the public forum, and what tasks the attendees would be asked to do on the day (online suppl. material Appendix 4). The booklet was informed by an extensive literature review, with input and editorial feedback received from experts in FH, screening and public consultation. Participants were asked to read the booklet and consider the information it provided ahead of attending the forum.
In the section of the booklet providing information on universal screening, two options were proposed for when screening children for FH may best occur. These were (1) at the age of 8-10 years, when statin treatment for managing FH is recommended to commence or (2) at the same time as one of the childhood immunisations. Screening at the time of childhood immunisation was outlined as being able to occur at either the age of 4 years, with the pre-school booster, or the age of 12-13 years, with the year 8 human papillomavirus vaccine. These options were used to guide discussions at the forum regarding the age at which screening should occur, should universal screening be deemed acceptable.
The forum itself was structured into two sessions. The first session comprised a series of six short presentations, approximately 15 min each, during which participants were encouraged to take notes and ask questions. The presentations were delivered by a government policy maker, a paediatrician, a parent of a child with FH, a young adult with FH, a general practitioner and an ethicist. The presenters largely focused on what they perceived to be the potential benefits and harms of universal screening in general, and of screening children for FH specifically, and the perceived alternatives to such screening.
The forum's second session comprised deliberation by participants. Participants were first given some time alone to reflect on the information presented during the first session. Then, in small groups of five to six people, participants were asked to respectfully listen to and reason with each other about the perceived benefits and harms/risks of universal screening for FH. They then discussed whether they felt universal screening of children for FH was acceptable, and if so, at what time. Key points of discussion were recorded by the group on feedback sheets and were reported back to the whole group. This was followed by a facilitated whole-ofgroup discussion where the group collectively identified points of consensus and disagreement across the small group decisions, both of which were legitimate outcomes of this process of decisionmaking [52] . Consensus was reached through dialogue that enabled participants to reason with each other about the arguments for and against each position, followed by negotiation to achieve a common position [45] .
Data Analysis
The data collected were analysed using thematic analysis, which was undertaken by three of the researchers. Each analyst independently read through the feedback sheets that contained summaries of the small group discussions and the whole group decisions, including where consensus was reached and areas of persistent disagreement. The researchers then coded the data into themes, before coming together to collaboratively work through the identified themes to reach a final agreed position. Table 1 presents the characteristics of recruited members of the general public and the 17 participants who attended the forum.
Results

Participant Characteristics
Perceived Benefits and Harms of Screening Children for FH
Potential benefits and harms of screening children for FH that were identified by participants are summarised in Table 2 . The perceived benefits related to: improved wellbeing of children diagnosed with FH as a result of participating in the screening programme; the flow-on direct and indirect benefits for the family of that child, such as opportunities for cascade screening and reproductive choice; building community knowledge and awareness, and opportunities for population-level data collection and analysis; and efficiencies for the health system. Potential harms that were identified related to: the direct impact of the screening programme on the child participating in a screening programme for FH, including potential psychological impacts and the possibility of experiencing disadvantage (such as increased insurance premiums) as a result of a diagnosis of FH; broader impacts on the family of that child, such as the financial burden of ongoing treatment and the potential for questions around paternity; the costs and burden on the health system of running a uni- 
Acceptability of Screening Children for FH
Having considered the identified benefits and harms of screening for FH, all but one participant agreed that in principle, the benefits of screening outweighed the harms and therefore screening children for FH was acceptable. For some participants, while they agreed screening to be beneficial, there were conditions that needed to be met in order for them to consider screening to be acceptable. These included: participation in the screening programme is voluntary; consent must be obtained from parents prior to a child being screened; there should be a specialist involved with detailed knowledge of FH, as opposed to a GP who participants feared might not have indepth knowledge of the condition; there is choice about whether to take statins or not; there are "clear, standardised clinical pathways"; participants are made aware that the screening test is a cholesterol test and not a genetic test, and there are guidelines around when genetic testing would be undertaken. One participant felt that the benefits did not outweigh the harms and consequently that screening children for FH is not acceptable.
Acceptability of Screening at the Same Time as Childhood Immunisation
Fifteen out of 17 participants agreed that screening children for FH at the same time as they undergo an immunisation is acceptable. The reasons given by participants for this decision included:
• No additional/multiple doctor visits would be required, therefore screening at the time of immunisation is easy and convenient for parents • It would increase the uptake of screening relative to a stand-alone screening programme • There would be a lower cost for screening by "piggy backing" on immunisation • Conscientious objectors to immunisation are more likely to be objectors to FH screening as well, so it would not be an issue if they miss out (however, they should still be given the option of participating in screening for FH) Two people did not agree that screening children for FH at the same time as immunisation is acceptable. This included the one participant who did not find screening for FH itself acceptable, and in addition did not support immunisation. The other participant, who did not express opposition to immunisation, gave the following reasons for their point of view:
• Not everyone gets their children immunised and these children would miss out on FH screening • Immunisations are traumatic enough on their own • It would be an extra reason for parents to opt out of immunisation • It would be best to screen at around the time that statins can be taken as a treatment (i.e., between 8 and 10 years) but there are no immunisation programmes delivered during this age period
Age at Which Screening of Children Should Occur
Of the 16 participants who found screening of children for FH acceptable, 13 agreed that screening should occur at 4 years of age, for the following reasons:
• Parents can make early adjustments to a healthy lifestyle for the whole family Financial "drain" of ongoing treatment and management of the condition due to the "expensive" drugs required to treat FH Potentially reduces "family trauma," such as death or incapacitation of a family member because of a preventable cardiovascular event A diagnosis of FH may impact family relationships, such as cascade screening leading to implications regarding paternity, or a child feeling "alienated" if they are the only family member with the condition
Supports reproductive choice for parents No further harms to the family identified
Potentially increases family bonding due to shared experience
Community
Increases community knowledge and awareness of FH, which could lead to a "snowball effect" with more people choosing to be tested for the condition
No harms to the community identified
Increases community awareness, which could lead to the "normalisation" of FH; this could result in reduced psychological effects of being diagnosed with the condition, and less discrimination, stigma and assumptions such as the condition being a result of eating "too much crappy food"
Possible flow-on benefits of positive lifestyle changes among family, friends of those affected and the community in general
Supports collection and analysis of long-term data regarding the management of individuals and their family members; this could lead to increased knowledge of FH and investment by industry into further research
Health care system
The screening test is more accurate in children, and the condition is easy to treat and manage; screening during childhood is therefore the most efficient approach for the health care system
High costs are associated with establishing, running and monitoring a screening programme; this money may "be better spent on conditions affecting more people or directed towards better health spent in general including education"
There may be cost savings to, and reduced burden on, the health system through prevention of associated health problems that require hospitalisation (e.g., heart attacks and strokes)
Requires the education of health professionals
No further benefits to the health care system identified Requires the provision of counselling services following a positive diagnosis Expected effectiveness and efficiency of screening may not be realised (e.g., if families/children do not comply with prescribed treatment)
May impact on participation rates for immunisation programmes if FH is screened at the same time
Screening test No benefits associated with the screening test identified
Questions exist regarding the appropriateness of cut-off levels for detecting FH (e.g., false positives and false negatives); more research is required • It enables earlier cascade screening of other family members • The test is most accurate at this time, thereby providing the highest chance of detecting FH • Screening at this time is cost-effective • Children do not have "barriers up," meaning they have less fear of needles and blood collection One participant believed screening of children for FH should occur at 1 year of age because this would allow interventions to commence earlier, and they held the belief that lifelong dietary preferences are set between the ages of 1 and 4 years. Another participant felt screening should occur between 8 and 10 years through "active recruitment" by GPs and practice nurses, whereby children would opportunistically be offered a screening test when they attend a medical centre for other reasons, because this is "still early enough to make lifestyle changes required and at the age when children could start treatment if needed." This participant also believed that being screened at this age would be less traumatic for the child than doing it at an earlier age. Finally, one participant was in favour of screening at 12-13 years because they held concerns regarding treatment with statins during childhood and its associated side effects.
Discussion/Conclusion
Overall, this study suggests that the WA general public deems universal screening of children for FH to be acceptable. To the authors' knowledge, this is the first study to establish public acceptability of universal screening of children for FH. This finding is important for governments considering universal screening for FH, because it demonstrates that conducting further work to assess the effectiveness and appropriateness of establishing such a programme may be warranted.
At the forum, participants identified a range of benefits and harms associated with universal screening for FH. The benefits and harms that were identified are largely in line with those that have been described in clinical studies and guidelines. Specifically, previously cited potential benefits of universal screening for FH primarily relate to: early detection of FH; supporting the commencement of management approaches to minimise irreversible damage due to atherosclerosis; increasing the detection rate of index cases, which enables cascade screening of family members; and the availability of a simple, non-fasting blood cholesterol test to detect children at increased risk of FH [14, [56] [57] [58] . Potential harms cited in the literature include: questions around test accuracy; the lack of longterm data regarding the side effects of statin use from childhood; detection of mild or benign forms of FH; and the acceptability, practicability and cost-effectiveness of this approach [14, 18, [59] [60] [61] . In addition to these possible harms, a number of ethical issues associated with universal screening for FH have been raised in the literature, such as insurance implications associated with a diagnosis due to the increased risk of heart disease [62] and possible unearthing of misattributed paternity as a result of cascade screening [11] . Of relevance is also the established ethical issue for universal screening of children being the child's right not to know, given the parent is pro- There are some known side effects associated with statin use in the short term
The long-term side effects of treating children with statins are unknown; more research is required
Only one drug is known to be effective at treating FH; there was concern this may lead to a "market monopoly" and that the "push" for screening may be coming from the pharmaceutical company manufacturing statins viding consent on their behalf [63] . The identification of the majority of these benefits, harms and ethical issues by forum participants illustrates that their decision-making was based on a thorough consideration of the potential impacts of universal screening of children for FH. The policy implications of this study are that the public are likely to support the establishment of a universal screening programme, which is a key criterion for assessing the appropriateness of establishing a government screening programme [33, 64] . However, in applying these findings, it should be noted that decision-makers must also consider other criteria when considering the appropriateness of establishing such a programme. For example, an assessment of appropriateness would need to involve the detailed consideration of evidence relating to the attributes of the condition, screening test, treatment and requirements of the screening programme, in line with the Wilson and Jungner screening principles [33] and, in Australia, the Population Based Screening Framework [64] . Doing so would enable the benefits and harms of screening to be considered in full, thereby supporting an evidence-based decision as to whether a universal screening programme for FH should be established.
Furthermore, an assessment of appropriateness should consider whether a universal screening programme is the most efficient public health approach for increasing diagnosis rates for FH and decreasing the burden of CHD. Opportunistic approaches for identifying new cases of FH through WA's cascade screening programme have not resulted in a marked improvement in detection rates to date. However, the education and training of GPs and other relevant health care providers may be an alternative to establishing a universal screening programme, by improving the detection rate of FH in primary care.
In 2011, an Expert Panel for the National Heart, Lung, and Blood Institute released cardiovascular risk reduction guidelines, recommending universal lipid screening between the ages of 9 and 11 years, and again between 17 and 21 years [58], by paediatricians. This represents an opportunistic approach to the identification of index cases. The release of these guidelines, in conjunction with educational initiatives and electronic health record modifications, has recently been found to be correlated with an increase in paediatric lipid screening [56] . This suggests that raising awareness of FH through public health approaches such as education, supported by an appropriate policy, may be an effective approach to increasing diagnosis rates for FH. Further research to explore this alternative and contrast its effectiveness to universal screening of children is recommended.
Also of note for decision-makers is the potential harm identified by participants that the expected effectiveness and efficiency of universal screening for FH may not be achieved if individuals diagnosed with FH do not adhere to their prescribed treatment. This harm warrants particular consideration given that many of the benefits of universal screening for FH are built on the assumption that diagnosis leads to effective treatment.
One of the strengths of this research is the deliberative methodology that was used. This approach to obtaining citizen input to public policy is deemed particularly suitable when the policy issue in question, in this case universal screening of children, involves "democratic deficits," which include "contested ethical issues, competing public interests and low public awareness of perspectives held in relation to the issues" [45] . Using the deliberative method enabled trade-offs in perspectives to be identified and the identification of shared public values, which should underpin public policy in a pluralist society.
A key limitation of this study is that the members of the public who participated represent a small sample of the population. Specifically, while the public forum was appropriately sized for public deliberation, the outcomes represent the views of only 17 individuals. It is recommended that further research is conducted to consolidate the findings of this study. This could be achieved through a larger population survey that further explores the identified issues and outcomes. It is also worth noting that at the time this study was undertaken, the study by Wald et al. [13] had not yet been published, so screening children at 1-2 years of age was not offered as an option to participants.
An important finding of this study that warrants further examination is that in reaching a decision, the public emphasised the potential lifestyle and community benefits of establishing a screening programme for FH. For example, participants focused on the concept that an early diagnosis could lead to the adoption of healthier dietary and lifestyle behaviours by the affected individual, the family and friends of those affected, and the community in general. However, research has demonstrated that perceptions of disease risk have limited influence on behaviour [65] . For example, communicating an individual's genetic risk for common complex diseases appears to have little or no effect on adopting risk-reducing behaviour [66] . Further research is recommended to explore how a diagnosis of FH impacts health attitudes and lifestyle behaviours, particularly for an individual and their family.
Heart disease is a key public health issue in Australia and internationally. Evidence supports the implementa-tion of public health approaches to increase detection rates for FH as a priority for public health genomics. Universal screening of children may be an effective option to support early detection of and intervention for FH, thereby reducing morbidity and mortality associated with the condition, and consequently with CHD, in the community. This study is the first to present evidence on the acceptability to the public of such an approach. Further research is recommended to consolidate this finding and provide further evidence on the effectiveness of universal FH screening. More work is also recommended to determine the most appropriate age at which screening should be offered, given the tension between the age at which the screening test for FH is most accurate, and questions around the point at which treatment for the condition can be safely commenced. Such advances in knowledge are essential in order to support policy makers in developing appropriate strategies to address the significant public health issue of CHD.
